Introduction Theoretical risks of biologic agents remain under study. Objective The aim of this study was to integrate 1-year safety data from 12 ustekinumab registrational trials. Methods Patients had moderate-to-severe plaque psoriasis, active psoriatic arthritis (PsA) (± methotrexate), or moderateto-severe Crohn's disease (CD; failed/intolerant of immunomodulators/corticosteroids). Psoriatic patients received subcutaneous ustekinumab 45/90 mg or placebo, generally at week 0, week 4, then every 12 weeks thereafter, while those with CD received a single intravenous ustekinumab dose (130 mg or weight range-based dosing of approximately 6 mg/kg) or placebo induction dose at week 0, followed by subcutaneous ustekinumab 90 mg at week 8 and every 8/12 weeks thereafter. 
Introduction
Although biological therapies such as antagonists of tumor necrosis factor (TNF)-α or interleukins (IL)-12/23 generally offer improved efficacy over conventional immunosuppressants (IMMs) in treating immune-mediated inflammatory disorders, theoretical risks associated with impaired immune surveillance remain under study. Furthermore, patients with immune-mediated inflammatory disorders can present with comorbidities, including cardiovascular diseases, obesity, malignancy, and chronic infections, that should inform the decision to utilize a biologic agent [1, 2] .
Ustekinumab is a fully human immunoglobulin G1k monoclonal antibody that specifically blocks the shared p40 subunit of IL-12 and IL-23 [3] , naturally occurring regulatory cytokines involved in inflammatory and immune responses, natural killer cell activation, and signaling for downstream effector cytokine production (e.g. TNF, IL-17, IL-22) [4] .
Multiple randomized controlled trials (RCTs) ( Table 1 ) have established the efficacy of ustekinumab for moderateto-severe psoriasis [5] [6] [7] , active psoriatic arthritis (PsA) [8] [9] [10] , and moderate-to-severe Crohn's disease (CD) [11] . The safety of ustekinumab in psoriasis has been assessed through up to 5 years of continuous follow-up in two large RCT extensions and up to 8 years in the Psoriasis Longitudinal and Assessment Registry (PSOLAR) of > 12,000 psoriasis patients (35.7% with self-reported PsA) [12] [13] [14] [15] [16] [17] [18] . No increased risk of malignancies, serious major adverse cardiovascular events (MACEs), serious infections (SIs), or mortality has been observed across RCT-or registry-derived analyses. These longer-term data are consistent with safety findings from psoriasis registrational trials [5] [6] [7] and additional registries conducted in psoriatic patients [19, 20] . Consistent ustekinumab safety was observed in two pivotal PsA RCTs, one with a long-term extension through up to 2 years (PSUMMIT-1) [8] [9] [10] . While preliminary safety findings in CD patients also show similarities through 1 versus 2 years of ustekinumab, data are limited [11, 21, 22] .
We conducted this first integrated analysis of ustekinumab safety data from 12 registrational RCTs to better understand the overall safety profile of ustekinumab, given that diverse disease states in heterogeneous populations receiving different dosing regimens and concomitant medications may carry differing risks of adverse reactions, and considering that rare safety events may only be identified as larger safety databases become available. When combined across the approved psoriasis, PsA, and CD indications, approximately 70% and 36% of the 5884 patients receiving ustekinumab were treated for ≥ 6 months and ≥ 1 year, respectively.
Patients and Methods

Trial Designs
Details of the 12 randomized, placebo-or active comparator-controlled trials comprising the ustekinumab phase II/ III registrational development program for psoriasis [5] [6] [7] 23] , PsA [8, 9, 24] , and CD [11, 21, 22] have been reported (ClinicalTrials.gov identifier: NCT00320216, NCT00267969, NCT00307437, NCT00454584, NCT00267956, NCT0 1009086, NCT01077362, NCT00265122, NCT00771667, NCT01369329, NCT01369342, and NCT01369355) ( Table 1) .
Trials conducted in patients with chronic moderate-to-severe psoriasis (Psoriasis Area and Severity Index [PASI] score ≥ 12; psoriasis involving ≥ 10% of body surface area) include a phase II trial (NCT00320216) in which patients received a single dose or four weekly doses of ustekinumab 45 or 90 mg by subcutaneous injection, and three phase III trials (PHOENIX-1 [NCT00267969], PHOENIX-2 [NCT00307437], and ACCEPT [NCT00454584]) in which patients received ustekinumab 45 or 90 mg by subcutaneous injection at week 0, week 4, and then generally every 12 weeks. PHOENIX-1 had a randomized withdrawal and re-treatment phase, some patients in PHOE-NIX-2 later received every-8-weeks dosing, and further dosing in ACCEPT depended on response at week 12. Because etanercept was the comparator in the controlled period of ACCEPT, only ustekinumab-treated, but not etanercept-treated, patients from ACCEPT were included in these analyses (Table 1) . Participants could not receive concomitant oral IMMs or oral [5] Placebo SC (weeks 0 and 4) → ustekinumab 45 mg SC-weeks 12 and 16 then q12w (n = 123) Placebo SC (weeks 0 and 4) → ustekinumab 90 mg SC-weeks 12 and 16 then q12w (n = 120) Ustekinumab 45 mg SC-weeks 0 and 4 then q12w (n = 255) Ustekinumab 90 mg SC-weeks 0 and 4 then q12w (n = 256) At week 28, PASI75 responders continued 45 or 90 mg, q12w; PASI50-75 partial responders switched to 45 or 90 mg q8w At week 40, PASI75 responders initially randomized to ustekinumab were re-randomized to placebo or 45/90 mg q12w; PASI75 responders initially randomized to placebo withdrew from treatment; PASI75 partial responders initially randomized to placebo switched from q12w → q8w dosing Phase III/PHOENIX-2 NCT00307437 (5/2005-10/2011) [6] Placebo SC (weeks 0 and 4) → ustekinumab 45 mg SC-weeks 12 and 16 then q12w (n = 197) Placebo SC (weeks 0 and 4) → ustekinumab 90 mg SC-weeks 12 and 16 then q12w (n = 195) Ustekinumab 45 mg SC-weeks 0 and 4 then q12w (n = 409) Ustekinumab 90 mg SC-weeks 0 and 4 then q12w (n = 411) At week 28, PASI50-75 partial responders were randomized to maintain their originally assigned dose (45 or 90 mg) at q12w intervals or dose-adjusted to q8w Phase III/ACCEPT NCT00454584 (3/2007-1/2009) [7] Etanercept 50 mg SC twice weekly for 12 weeks (n = 347) [21] corticosteroids (CSs) during the psoriasis studies. Prior treatment with certain biologics, with appropriate washout, was permitted (Tables 1 and 2 ). In patients with PsA, one phase II trial (NCT00267956) and two phase III trials (PSUMMIT-1 [NCT01009086] and PSUMMIT-2 [NCT01077362]) included patients with active disease for ≥ 6 months and an inadequate response or intolerance to previous or current IMMs and/or non-steroidal anti-inflammatory drugs. Patients could receive concomitant therapy with stable regimens of methotrexate (approximately 45% of patients) or CSs (approximately 14% of patients). PSUMMIT-1 excluded patients who had previously received anti-TNF agents, while the phase II and PSUMMIT-2 trials allowed enrollment of up to 25% and 50-60%, respectively, of patients previously treated with one or more anti-TNF agents. Phase III trials evaluated ustekinumab 45 and 90 mg administered by subcutaneous injection at week 0, week 4, and then every 12 weeks (Table 1) . CD Crohn's disease, CSs corticosteroids, IMMs immunomodulators, IV intravenous, MTX methotrexate, PASI Psoriasis Area and Severity Index, PGA Physician's Global Assessment, q8/12w every 8/12 weeks, RCT randomized controlled trial, SC subcutaneous, TNF tumor necrosis factor a At week 20, patients in the placebo group received a single dose of ustekinumab 90 mg SC b Treatment after week 12 depended on PGA response at week 12 and initial treatment assignment (etanercept non-responders received ustekinumab 90 mg, ustekinumab non-responders received an additional ustekinumab dose at week 16, all responders had treatment interrupted followed by ustekinumab re-treatment if psoriasis recurred). Etanercept patients were not included in these analyses through week 12 c 28 patients who received a previous IV formulation were excluded from the efficacy analyses and some safety analyses of the individual studies but were included in these integrated safety analyses d 12 patients who received a previous IV formulation were excluded from the efficacy analyses and some safety analyses of the individual studies but were included in these integrated safety analyses e Those continuing placebo 16 weeks after IV ustekinumab induction were subsequently included in the placebo group for the 1-year analyses (unless/until they met loss of response criteria and crossed back to ustekinumab [38% of the 133 patients]) [22] Randomized IV induction phase: Placebo (n = 132); ustekinumab 1 mg/kg (n = 131); ustekinumab 3 mg/kg (n = 132); ustekinumab 6 mg/kg (n = 131) SC maintenance phase (based on clinical response to IV induction at week 6): Responders-randomized to: placebo-weeks 8 and 16 (n = 73); ustekinumab 90 mg SC-weeks 8 and 16 (n = 72) Non-responders-randomized to: ustekinumab 90 mg SC (n = 109); placebo (n = 110) Non-randomized patients (n = 113): placebo-weeks 8 and 16 (responders to placebo IV induction, n = 28); Ustekinumab 270 mg SC-week 8, and 90 mg SC-week 16 (non-responders to placebo IV induction, n = 85) Patients who did not respond initially, responded initially but then lost response, or were intolerant of prior infliximab, adalimumab, or certolizumab pegol Phase III/UNITI-1 NCT01369329 (7/2011-7/2013) [11] Single IV induction dose at week 0 (n = 741; 769 total c ): placebo (n = 247); ustekinumab 130 mg (n = 245); tiered (weight-based) ustekinumab doses approximately 6 mg/kg (n = 249) Patients who did not respond initially, responded initially but then lost response, or were intolerant of prior infliximab, adalimumab, or certolizumab pegol Phase III/UNITI-2 NCT01369342 (7/2011-10/2014) [11] Single IV induction dose at week 0 (n = 628; 640 total d ):
Placebo (n = 210); ustekinumab 130 mg (n = 209); tiered ustekinumab doses approximately 6 mg/kg (n = 209) Patients had active inflammation and demonstration of inadequate response to, or failure to tolerate, CSs/IMMs; patients with CS dependence and who received but did not fail a TNF antagonist were allowed Phase III/IM-UNITI NCT01369355 (9/2011-10/2019) [11] Randomized (responders to ustekinumab IV induction, n = 397):
Placebo SC (n = 133); e ustekinumab 90 mg SC q12w (n = 132); ustekinumab 90 mg SC q8w (n = 132)
Non-randomized (n = 884): Placebo SC (responders to placebo IV induction, n = 123) Non-responders to ustekinumab IV induction (n = 476): ustekinumab 90 mg SC week 0 → discontinued at week 8 (n = 221); ustekinumab 90 mg SC week 0 → 90 mg SC q8w (n = 255) Non-responders to placebo IV induction (n = 285): ustekinumab 130 mg IV-week 0 → discontinued at week 8 (n = 121); ustekinumab 130 mg IV-week 0 → 90 mg SC q12w (n = 164) Patients from both phase III induction studies could continue into this maintenance study, with the primary population comprising responders to IV ustekinumab induction therapy
Patients with CD were evaluated in a phase IIa (Tables 1 and 2) .
Across indications, patients underwent radiographic, purified protein derivative, and/or interferon-γ release assay Mycobacterium tuberculosis (TB) screening. In most studies, patients with latent TB could be enrolled with initiation of established concomitant treatment protocols (e.g., isoniazid). While some of the study populations were anti-TNF-naïve and others were anti-TNF failures as noted above, concomitant anti-TNF use was prohibited, with protocolspecified prescreening washout periods (also see Table 1 ).
Safety Outcomes
All adverse events (AEs) were systematically captured throughout each trial, with safety monitoring through 16-20 weeks after study agent discontinuation, i.e., followup periods were substantially longer than treatment duration. Analyses included standard evaluations of AEs, serious AEs, AEs leading to study agent discontinuation, deaths, infections (determined by investigator), SIs, infections requiring treatment with oral/parenteral antibiotics, injection-site reactions (ISRs) documented by the investigator, AEs temporally related to infusions (in CD patients), and clinical laboratory parameters per prespecified criteria. AEs of special interest, i.e., rare events selected for evaluation based on mechanistic plausibility or potential safety or population risks, included malignancies, adjudicated serious MACEs, anaphylactic and serum sickness-like hypersensitivity reactions, active TB, opportunistic infections (OIs), and serious neurological disorders.
All preferred terms possibly consistent with serious MACEs (cardiovascular death, non-fatal myocardial infarction, and non-fatal stroke) were retrospectively adjudicated by an independent and blinded process, performed by the Cleveland Clinic Coordinating Center for Clinical Research (C5) at the Cleveland Clinic Foundation (http://c5res earch .cleve landc linic .org/Home.aspx). Analyses were based on adjudicated events. For hypersensitivity reactions, the terms anaphylactic reaction, anaphylactic shock, anaphylactoid reaction, anaphylactoid shock, type I hypersensitivity, and serum sickness or serum sickness-like reaction were utilized.
Data Analysis
Integrated safety data are presented for both the initial controlled period and through approximately 1 year of exposure for studies conducted within each indication and combined across indications. After the 8-to 16-week controlled periods, some participants crossed over to ustekinumab per trial design; thus, patients may have been included in more than one treatment group for the 1-year analyses. Patients receiving one or more partial or full ustekinumab doses were subsequently included in the ustekinumab groups, except responders to ustekinumab induction who were subsequently re-randomized to subcutaneous placebo in the randomized withdrawal IM-UNITI CD maintenance study. These patients were included in the placebo group starting at 16 weeks (i.e., more than five half-lives) following induction dosing in subsequent analyses.
Specific AEs were summarized by system organ class and preferred term (Medical Dictionary for Regulatory Activities [MedDRA], version 17.1), according to actual treatment received. AE incidence rates are reported per 100 patientyears (PYs) to adjust for differences in follow-up duration (referred to as 'incidence/100 PYs').
For malignancies, comparisons with an external database were conducted to determine whether event rates combined across indications were consistent with those expected for the general population. The National Institutes of Health Surveillance, Epidemiology, and End Results (SEER) database (2000-2010; https ://seer.cance r.gov/resou rces) was selected to estimate expected event rates of malignancies, other than non-melanoma skin cancer (NMSC), in the general US population adjusting for age, sex, and race. Cervical cancers in situ and NMSC are not included in the SEER database and were thus excluded from enumeration. Standardized incidence ratios (SIRs) were calculated as the ratio of observed versus expected numbers of patients with one or more malignancies. When the SIR and the lower boundary of the surrounding 95% confidence interval (CI) exceed 1, the observed number of cases is statistically significantly higher than expected. f Crossover patients were included in the ustekinumab columns after crossover to ustekinumab g Psoriasis-phase II, PHOENIX-1, PHOENIX-2, ACCEPT (all through week 52); PsA-phase II (through week 36), PSUMMIT-1 (through week 52), PSUMMIT-2 (through week 60); CD-phase IIa (only placebo-controlled IV population in population 1; through week 28), CERTIFI (through week 36), UNITI-1 and UNITI-2 (through week 8 for patients who entered IM-UNITI; through week 20 for patients who did not enter IM-UNITI), IM-UNITI (through week 44) h Only for CD studies i The duration between the first and last ustekinumab administrations was ≥ 14 weeks j The duration between the first and last ustekinumab administrations was ≥ 38 weeks k Includes periods of placebo treatment among some ustekinumab responders who were re-randomized to placebo at maintenance and subsequently resumed ustekinumab treatment following loss of response 
Results
Baseline Patient Demographics, Medical History, Concomitant Medications
Among 6280 patients enrolled into 12 RCTs, including 3117 patients with psoriasis, 1018 patients with PsA, and 1749 patients with CD, most were White (91.2%), 57.9% were males, and the mean age was 43.7 years (Table 2) . Overall, 93.7% of enrolled patients received one or more ustekinumab doses.
Per the PsA and CD trial designs, concomitant oral IMMs (PsA: methotrexate only; CD: azathioprine, 6-mercaptopurine, methotrexate) and CSs were permitted. Given the disparate approaches to conventional treatment, anticipated differences between indications were observed in commonly used IMMs and overall CS use. Several trials enrolled biologic-experienced patients (which typically required a 3-month washout) ( Table 1) , comprising 45.4% of integrated patients (psoriasis: 33.1%; PsA: 20.5%; CD: 77.5%) ( Table 2) .
Placebo-and ustekinumab-treated patients contributed 385 PYs and 829 PYs of follow-up, respectively, during the initial 8-to 16-week controlled periods, and 674 PYs and 4521 PYs of follow-up, respectively, through to year 1. Also through year 1, respective mean durations of followup were 17 and 40 weeks (Table 3) . Among the 5884 ustekinumab-treated patients, mean duration of therapy was 24.6 weeks (171 days). Additionally, among psoriasis, PsA, and CD patients, mean therapy duration was 26.5, 27.7, and 19.5 weeks, respectively, and 36.6%, 51.8%, and 26.5% of patients, respectively, received ≥ 1 year of ustekinumab treatment (Table 2 ). Most patients with psoriasis received subcutaneous ustekinumab (45/90 mg at week 0, week 4, and every 12 weeks) for ≥ 6 months and often for ≥ 1 year. Most CD patients received a single intravenous infusion of ustekinumab (130 mg or weight range-based dosing of approximately 6 mg/kg), with nearly half of the patients subsequently receiving maintenance subcutaneous ustekinumab (90 mg every 8 weeks/every 12 weeks). The overall cumulative average ustekinumab dose across indications was 317.4 mg ( Table 2 ).
Adverse Events (AEs)/Serious AEs, Including
Infections, and AEs Leading to Study Drug Discontinuation
Initial Controlled Period
Combined across indications, 1.6% and 3.4% of ustekinumab-and placebo-treated patients, respectively, discontinued study drug due to AEs. Among all patients, (Table 3) .
Year 1 Analyses
Combined across indications, proportions of patients discontinuing study drug due to AEs and incidences/100 PYs of AEs, SAEs, infections, and SIs were comparable between ustekinumab-and placebo-treated patients through year 1.
In particular, the respective incidences/100 PYs (95% CIs) of infections were 125.4 (122.2-128.7) versus 129.4 (120.9-138.3). Consistent with initial controlled periods, year 1 incidences/100 PYs of these events appeared higher among CD patients, regardless of treatment, than psoriasis/ PsA patients (Table 3 , Fig. 1 ). However, incidences were comparable between the ustekinumab-and placebo-treated CD patients, with no apparent dose effect (Table 4) , suggesting that the higher rates were related to underlying moderately-to-severely active CD.
Baseline Medications
Overall, no trends were apparent in the proportions of patients with AEs, SAEs, or infections, or patients who discontinued study drug due to AEs, when evaluated by baseline IMM use in the PsA or CD studies where they were permitted. Among ustekinumab-treated patients, the infection incidence/100 PYs (95% CI) through year 1 was not meaningfully increased among patients who did versus those who did not receive methotrexate at baseline (92. (Table 5) . CD patients generally received higher CS doses (when receiving oral systemic CSs [excluding budesonide] at baseline, the median prednisone dose, or equivalent, was 20 mg/ day) than PsA patients. Nonetheless, no differences between CD and PsA ustekinumab-treated patients were identified in the occurrence of infections or SIs related to baseline CS use. In CD studies, incidences/100 PYs (95% CI) of infections and SIs ascribed to periods of placebo treatment were 157.1 (136.1-180.5) and 8.6 (4.3-15.5), respectively, (Table 5) . When considering all IMM use (including 6-mercaptopurine/azathioprine), no effect was apparent on the short-or long-term safety profile of ustekinumab versus placebo among CD patients (Table 6 ).
Deaths
Through year 1, five ustekinumab-treated psoriasis patients, and no CD or PsA patients, died. The overall incidence/100 PYs (95% CI) of death was 0.1 (0.0-0.3) and 0.0 (0.0-0.4), respectively, among ustekinumab-and placebotreated patients (Table 3) . One patient each died due to dilated cardiomyopathy (ustekinumab 90 mg) [6] , aspiration following alcohol intoxication (in a patient who received placebo followed by ustekinumab 45 mg) [6] , and multisystem organ failure (ustekinumab 90 mg) [7] ; two deaths were accidental (gunshot wound, motor vehicle accident). All deaths were considered unrelated to ustekinumab treatment by the investigators.
AEs of Special Interest
Opportunistic Infections
Combined across indications, the overall number of OIs was low through year 1; no single OI occurred in more than one patient, except non-serious esophageal candidiasis in two placebo-treated and three ustekinumab-treated CD patients. Three serious OIs occurred among ustekinumab-treated i Includes data from the first ustekinumab dose onward for patients who escaped early or crossed over from placebo j Includes data up to the first ustekinumab dose for patients who were initially treated with placebo; includes data on or after 16 weeks from the first (and last) ustekinumab dose for patients who were initially treated with ustekinumab and were then crossed over or re-randomized to placebo k Includes data up to 16 weeks from the first ustekinumab dose for patients who were crossed over or re-randomized to placebo l Excludes periods of placebo treatment among some ustekinumab responders who were re-randomized to placebo at maintenance and subsequently resumed ustekinumab treatment following loss of response patients, including disseminated histoplasmosis (CD patient [21] receiving concomitant CSs/azathioprine, spiking fevers prior to randomization, discontinued infliximab 10 mg/ kg 3 months prior), Listeria meningitis (CD patient, field worker, treated with prednisone 30 mg/day 3 weeks after ustekinumab 6 mg/kg [11] ), and herpes zoster (psoriasis patient, left T8 dermatome affected, 19 disseminated cutaneous vesicles) [5] .
Tuberculosis Infection
Combined across indications through year 1, one case of presumed active primary TB was reported in a 31-year-old Hungarian man with CD, approximately 10 months after receiving a single intravenous ustekinumab dose (130 mg) [11] . This patient had previously received a Bacillus Calmette Guerin vaccination and had negative chest radiograph and QuantiFERON findings at screening. The patient reported flu-like symptoms (fever, chills, sore throat, cough, yellowish sputum). QuantiFERON, sputum smear, and M. tuberculosis culture were negative, and chest radiograph and computed tomography findings were consistent with TB. Following empirical triple anti-TB therapy, the symptoms resolved.
Serious Major Adverse Cardiovascular Events
Across studies, incidences/100 PYs (95% CIs) of adjudicated serious MACEs during the initial 8-to 16-week controlled periods were 0.6 (0.2-1.4) and 0.3 (0.0-1.5), respectively, among patients receiving ustekinumab (n = 5) and placebo (n = 1). Limited numbers of events and short duration of Table 3) . The incidence/100 PYs of serious MACEs appeared lower in CD patients (one event) versus psoriatic patients, likely owing to higher rates of underlying cardiovascular risk factors (e.g. hypertension, hyperlipidemia, diabetes, obesity, smoking) and older age in the latter (Table 2 ).
Malignancies
Low and comparable incidences/100 PYs (95% CI) of NMSC were observed among ustekinumab-treated patients through year 1 (n = (Table 7) . Through year 1, incidences/100 PYs of malignancies other than NMSC were also low and comparable among ustekinumab-treated (n = 15, 0.4 [0.2-0.6]) and placebotreated (n = 1, 0.2 [0.0-0.8]) patients, with overlapping 95% CIs ( Table 7) . As with NMSC, most non-NMSC malignancies occurred in psoriasis patients (ustekinumab: n = 11, 0.4/100 PYs [0.2-0.8]; placebo: n = 1, 0.6/100 PYs [0.0-3.1]). All non-NMSC malignancies were solid tumors except one cutaneous T-cell lymphoma (mycosis fungoides retrospectively concluded to pre-exist but that was incorrectly diagnosed as psoriasis [7] ), chronic lymphocytic leukemia in a psoriasis patient treated with ustekinumab 90 mg, and multiple myeloma in a CD patient treated with intravenous ustekinumab (6 mg/kg) and who had a 6-year history of monoclonal gammopathy of unknown significance [11] .
Combined across indications, the SIRs (95% CIs) for malignancies (excluding cervical cancers in situ and NMSC per SEER) in the ustekinumab and placebo groups were 0.6 (0.3-1.0) and 0.3 (0.0-1.9), respectively, with overlapping 95% CIs. Within-indication results were similar (Table 7) . Data interpretation is limited by small numbers of events, relatively short duration of exposure, and differences in the length of treatment/follow-up.
Hypersensitivity Reactions
No serious anaphylactic reactions or serum sickness-like reactions to ustekinumab were observed. Two CD patients displayed signs/symptoms of hypersensitivity temporally associated with treatment (throat tightness/shortness of breath/ flushing after the first and only subcutaneous ustekinumab administration; chest discomfort/flushing/urticaria/fever after the initial intravenous ustekinumab dose). Symptoms resolved within 1 h following oral CS/antihistamine treatment.
Neurological Disorders Other Than Stroke
Serious neurological disorders were rare, with no cases of reversible posterior leukoencephalopathy syndrome (RPLS), definitive progressive multifocal leukoencephalopathy, Table 4 Key safety findings by dose among randomized and treated CD patients q8w every 8 weeks, q12w every 12 weeks, AEs adverse events, CD Crohn's disease, D/C discontinuation, IV intravenous, SAEs serious adverse events, SC subcutaneous a Patients who were in clinical response to ustekinumab IV induction dosing and were randomized to placebo SC on entry into the maintenance study b Includes data up to the time of dose adjustment (i.e., time of meeting loss-of-response criteria) or demyelinating disorder through year 1, apart from one non-serious event of 'other demyelinating diseases of the central nervous system'. The CD patient experienced dizziness, numbness, and mouth tingling starting approximately 2 months after entering the maintenance study, as well as visual symptoms. Although imaging studies identified microvascular disease and previous small vessel insults, demyelinating disease was reported as a diagnosis of exclusion. One previously reported RPLS case in the PHOENIX-2 trial occurred after approximately 2.5 years of ustekinumab treatment, the only such event across combined indications [25] .
Discussion
This is the first integrated analysis of safety data derived from phase II/III trials combined across the ustekinumabapproved indications. Safety data from 5884 ustekinumabtreated patients are reported (including 1659 patients after crossover from placebo); 2055 patients received placebo comparator through the initial 8-to 16-week controlled periods. The ustekinumab safety profile was comparable with that of placebo when integrated across indications, with no evidence of a dose effect in the occurrence of AEs, SAEs, or infections. Importantly, 70% and 36% of ustekinumab-treated patients received ≥ 6 months and ≥ 1 year, respectively, of treatment (4521 PYs of follow-up; mean ustekinumab treatment duration: 24.6 weeks). Exposureadjusted rates of AEs of special interest through year 1 were generally consistent with those observed during the initial controlled periods. These findings are consistent with those of clinical trial extensions through up to 5 years in psoriasis, and up to 2 years in PsA, which showed no increase in the risk of SI, death, MACEs, or malignancy [10, 12, 13] .
In the current analysis, ustekinumab also demonstrated a favorable benefit-risk profile in CD, with single initial dosing up to 6 mg/kg intravenously, followed by 90 mg subcutaneously every 8/12 weeks. AE incidences/100 PYs were comparable between treatment arms, with no evidence of a dose effect. Reassuringly, evaluation of ustekinumab in CD patients through year 1 did not alter the overall ustekinumab safety profile previously defined in patients with psoriatic diseases, despite inherent differences between disease states and frequent use of concomitant IMMs/CSs in CD.
Notably, AEs, SAEs, infections, and SIs were more common in CD trials than psoriasis/PsA trials, which likely reflects the more significant disease burden, inherently greater risk of infection, and/or more common CS/IMM use in CD populations than psoriatic populations. For example, the effect of CSs in CD patients was illustrated by an apparently higher incidence/100 PYs of infections among placebo-treated CD patients than ustekinumab-treated CD patients with baseline CS use. However, regardless of CS exposure, no increase in the time-adjusted occurrence of infections or SIs was observed among ustekinumab-treated patients. Additionally, given the overall low number of [26] . A theoretical risk of malignancy for IL-12/23 inhibitors, such as ustekinumab, was based on animal models suggesting involvement of IL-12 in tumor surveillance (e.g. studies in IL-12p35 knockout mice) [1, 27, 28] . While no dedicated preclinical carcinogenicity studies were conducted for ustekinumab, in part due to limited cross-species reactivity, all available (including long-term) safety data in humans have indicated no safety signals for malignancy with ustekinumab [12, 15, 16, 29] . Additionally, comparing malignancy incidence between ustekinumab-treated patients and the general US population (via the SEER database) in these integrated analyses suggested no increased malignancy risk, either combined across, or within, indications. Malignancy incidence among ustekinumab-treated psoriasis patients through year 1 (0.4/100 PYs) was also consistent with ustekinumab safety data through 5 years of follow-up in psoriasis clinical trials (0.6/100 PYs) [12] and with real-world experience in PSOLAR, with a median follow-up of 4.2 years (0.6/100 PYs) [29] . Furthermore, in a nested case-control analysis of PSOLAR data, no overall increased malignancy risk was observed for any duration of ustekinumab treatment (> 0 to < 3 months, ≥ 3 to < 12 months, ≥ 12 months) versus no ustekinumab treatment [29] . While current and previously reported findings are reassuring, longer-term longitudinal data and larger (e.g. real-world observational) studies will be needed to confirm current findings of no increased malignancy risk with IL-12/23 inhibition.
Historically, the sponsor has evaluated serious MACEs in psoriatic patients who have increased risk for occlusive vascular diseases [30, 31] , likely resulting from higher rates of cardiovascular risk factors (hypertension, hyperlipidemia, diabetes, obesity, smoking) and the disease itself representing an independent risk factor [32] . In a systematic review and meta-analysis of 11 observational studies (n = 32,973), cardiovascular and cerebrovascular morbidity were increased by 43% and 22%, respectively, in PsA patients versus the general population [33] . In our integrated analysis, consistent with observations through 5 years in psoriasis patients [12, 13] and 2 years in PsA patients [10] participating in ustekinumab RCT long-term extensions, overall rates of serious MACEs were low and generally comparable between treatment groups, with no consistent evidence that ustekinumab increases the risk of serious MACEs. As might be expected, CD patients appeared to exhibit fewer predisposing risk factors (Table 2 ) and had lower rates of serious MACEs, with only one event reported through year 1.
These integrated analyses are not without limitations. In the context of chronic lifelong conditions, 1 year could be considered a relatively short duration of treatment and/or follow-up. In addition, the duration of treatment and follow-up were considerably different between placebo and ustekinumab cohorts across studies. This led to relatively small numbers of some AEs of interest among placebotreated patients, and in turn limited interpretation of comparisons between treatment groups despite adjustments for follow-up duration. Nonetheless, it is not clear whether these safety analyses were imbued with any systemic bias.
Despite these limitations, these integrated analyses represent a substantially larger, prospectively collected, safety experience than any individual practitioner, investigator, or institution will have at their disposal for some time. Although possibly insufficient to assess long latency events, such as malignancies, the year 1 data reasonably represent the ustekinumab safety profile for most other potential common risks of interest, as data were consistent with longerterm safety data from the psoriasis/PsA trials. Of note, limiting this analysis to data accrued over 1 year of treatment and follow-up ensured that the more extensive safety data available in psoriasis patients did not overshadow more limited data available for the PsA and CD populations. Lastly, the 1-year timeframe provides an intuitive and tangible context for practitioners regarding the ustekinumab benefitrisk profile in treating these immune-mediated inflammatory disorders.
Conclusions
Through year 1, across 12 phase II/III RCTs in psoriasis, PsA, and CD, ustekinumab demonstrated a favorable safety profile that was generally consistent with placebo and longer-term data from psoriasis trials. Future studies with even larger numbers of patients from real-world observational databases/registries, ideally followed over multiple years of treatment, are needed to validate findings and further evaluate rare events.
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